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ABSTRACT 
This study was conducted to test the pathogenicity of  Fusarium species, 
the causes of  crown and root rot disease of  wheat crop, under three dif-
ferent conditions (Laboratory, Greenhouse and Field) and to show the 
best method for pathogenicity among different conditions. Pathogenicity 
test of  six isolates of  Fusarium species (F. graminearum, F. oxysporum, F. 
avenaceum, F. nivale, F. solani and F. udum) was tested on durum (Simeto) 
cultivar of  wheat by test tube method in the laboratory, the tested fungi 
had substantial effect on seed germination. F. oxysporum showed the high-
est germination failure (44.44%) which significantly differed with other 
species. In the greenhouse, seedlings were inoculated by spore suspension 
at the base of  each plant stem. The most virulent fungus after 35 days 
of  inoculation was F. oxysporum (0.78) followed by F. solani (0.70) and F. 
graminearum (0.66), while the lowest disease severity was recorded by F. 
udum (0.16). Also in the field pathogenicity experiments of  three Fusarium 
species (F. graminearum, F. oxysporum and F. solani) were performed on a 
durum (Simeto) and soft (Cham6) cultivars. Spore suspension was applied 
at the 2- to 3-leaf  Zadoks’s growth stage. Disease severity was calculated 
at two stages of  wheat growth (Booting and Ripening).The most viru-
lent fungus was F. graminearum (0.42) that was significantly different from 
other fungi. This work indicated that F. graminearum, F. oxysporum and F. 
solani showed higher infection than remaining tested species under three 
conditions. Pathogenicity test in laboratory by test tube method (In-vitro) 
appeared more effective than greenhouse and field experiments
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2INTRODUCTION
Fusarium species are a varied group of  fungi that have 
an effect on cereals through rotting of  seeds, root, 
crown, seedling, basal stem, and spike (1). Crown rot, 
foot rot and root rot are economically essential dis-
eases of  cereal in various grains producing regions 
around the world and appear to be especially devel-
oped by dry climatic conditions (2).Various patho-
gen species in the genera Fusarium cause crown and 
root rot disease which includes Fusarium culmorum, F. 
graminearum, F. equisetum. pseudograminearum, F. acum-
inatum, F. nivale, F. avenaceum, but F. graminearum, F. 
culmorum and F. pseudograminearum, are epidemiolog-
ically the highly important species involved in this 
disease (3). This disease has been found in many re-
gions of  the world, and particularly under dry condi-
tion and caused yield losses of  more than 50% (4, 5). 
Wheat fungal infections caused by Fusarium species 
are important economically in cereal growing coun-
tries including Bulgaria (6). In the pacific Northwest 
of  America Paulitz et al. (1) determined that 76% of  
the plants in winter wheat fields can be infected with 
Fusarium crown rot with estimated losses of  18% 
in heavily infected fields. Yield losses have been re-
ported 25-58% in Australia, amounting to 80 million 
US dollars, due to reduced grain yield and quality 
(7). According to surveys conducted across Duhok 
province-Iraq, Fusarium graminearum, Fusarium oxys-
porum, Fusarium solani, Fusarium avenaceum, Fusarium 
nivale and Fusarium udum were isolated from root and 
crown of  wheat (8). There are other studies in Iraq 
identified Fusarium as a causal agent of  crown and 
root rot (FCRR) on wheat plants (9; 10, 11). Pathoge-
nicity of  Fusarium species and its aggressiveness on 
wheat crop evaluate by different methods (12) such 
as: seeds inoculation by putting them on inoculated 
filter paper (13), seedling inoculation by adding spore 
suspension to the stem (14) or by agar plug mycelium 
placed next to the lower stem of  seedling (15).
This study was undertaken to investigate the vir-
ulence of  Fusarium species isolated from the same 
location (Sumel district) causes Fusrium crown and 
root rot of  wheat (FCRR) under different conditions 
(In-vitro Laboratory and greenhouse and In-vivo Field 
conditions).
MATERIALS AND METHODS
Fungal Isolates
Fungal isolates were obtained from crown and root 
of  wheat randomly selected from fields surveyed at 
Sumel district- Duhok province during 2014-2015. 
Collected plants were washed thoroughly under run-
ning tap water for half  hour. Crown and root was 
taken from each stem. These sections were surface 
disinfected with 1% sodium hypochlorite (NaO-
CL) for 2 minutes, rinsed twice in sterilized water, 
and dried on sterile filter papers. Sections was plat-
ed onto full strength potato dextrose agar (PDA) 
medium that made by (Himedia laboratories Pvt. 
Ltd.-India) 39.5g.of  medium per liter of  distal water 
mended with 250mg of  chloramphenicol to inhib-
it bacterial growth sterilized by autoclave at 121°C 
for 20mins and 1.5 kg/cm2pressure. Plant parts were 
cultured on sterilized PDA with 5 pieces /plate. The 
plates were incubated at 25±1°C for 7 days under a 
12/12 h photoperiod. Suspected isolates were puri-
fied, identified and transfer to fresh media. Fusarium 
species were identified based on their morphological 
characters including: colony appearance, morpholo-
gy of  microconidia, macroconidia, chlamydospores, 
and conidiophores according to Booth (16); Nelson et 
al., (17); Summerell et al., (18); Leslie and Summerell (19). 
Pathogenicity Test 
Test tube method
The pathogenic nature of  six species of  Fusarium 
(Fusarium graminearum, F. oxysporum, F. avenaceum, F. 
nivale, F. solani and F. udum) was tested on durum 
wheat cultivar (Simeto) by test tube method in the 
laboratory of  College of  Agriculture/ University of  
Duhok. The test tubes (16cm x 2cm) were prepared 
by filling the tubes bottom with 5cm of  cotton. Five 
milliliter of  distilled water was added to each tube 
and lids were covered with aluminum foil then au-
toclaved in 121°C and pressure 1.5 kg/cm2 for 1h. 
Wheat seeds which surface disinfected by 1% of  
sodium hypochlorite (NaOCL) for two minutes and 
washed twice in sterilized distilled water were placed 
on the moist cotton swab in each test tube (3seeds/
tube). Adjacent to seeds one disk of  5mm of  fungal 
isolate was placed. After inoculation again, the tubes 
3were sealed with aluminum foil and were putted in 
incubator at 25 ± 1oC for incubation. This test was 
done according to (20). 
The tubes were arranged in complete randomized 
design (CRD). After two weeks, percentage of  seeds 
germination, percentage of  infection, disease sever-
ity, and the length of  root and green growth were 
recorded using the following formula:
            No. of  infected seedlings
Severity ratings depending on the discoloration from the 
roots to the crown above the soil line were assigned in the 
lab based on a scale scoring from 0 to 4 where:
        0 = Healthy plant, 1 = (1-10 %) Brown discoloration, 
2 = (11-25 %) Brown discoloration, 3 = (26-50 %) 
Brown discoloration, 4 = (51-100 %) Brown discol-
oration
Disease severity (DS) was estimated according to McKin-
ney (1923) (21) as follows: DS = ∑ d/dmax × n   
Where DS is the disease severity, d is (the disease rating 
on each plant), dmax is (the maximum disease rating pos-
sible) and n is (the total number of  plants examined in 
each replicate). 
Pathogenicity trial of  potted wheat plant under 
greenhouse conditions 
Pathogenicity experiment was conducted under 
greenhouse condition at College of  Agriculture/ 
University of  Duhok on durum (Simeto) wheat culti-
var. Six Fusarium isolates (F. avenaceum, F. graminearum, 
F. nivale, F. oxysporum, F. solani and F. udum) were test-
ed. Before sowing seeds in plastic pots (12cm height 
× 11cm width), wheat seeds were surface disinfect-
ed by the following method: seeds were washed for 
5min by running tap water, immersed in 70 % etha-
nol and in 1% NaOCl for 1min, rinsed twice in dis-
tilled water, finally seeds dried under a laminar flow 
hood. Seeds were sown at a depth of  2cm in each 
pot that were filled with sterilized soil (sand and peat 
2:1) by autoclave (121°C and pressure 1.5 kg/cm2 for 
20 minutes twice). Each replicate consisted of  a pot, 
and two seeds were planted in each. Fourteen days 
after planting, seedlings were inoculated at the base 
of  the shoot using spore suspension technique (22). 
A volume of  10ml of  a spore suspension (1× 106 
spores/ml) was added at the base of  each plant stem. 
All plants were watered daily. Disease severity and 
incidence of  crown and root rot of  each plant were 
assessed 35 days after inoculation (22).The experiment 
was done in a Complete Randomized Design (CRD) 
which consisted of  three replications.
Pathogenicity trial of  potted wheat plant under 
field conditions
Pathogenicity experiments were conducted in the 
field of  college of  Agriculture/ University of  Duhok 
on a durum (Simeto) and soft (Cham6) cultivars of  
wheat. Three Fusarium species (F. graminearum, F. 
oxysporum and F. solani) isolated during field survey 
were tested. Before seeds sowing in plastic pots (25x 
25 cm), seeds were surface disinfected and air dried. 
Seeds were sown at a depth of  2cm by 20seeds/pot 
that contains field clay soil serialized by 1% Form-
aldehyde, accordingly the soil mixed with peat moss 
at (2:1). Spore suspension was prepared and applied 
as mentioned previously at the 2- to 3-leaf  Zadoks’s 
growth stage (23). Inoculation was applied to four 
pots and plants were watered as needed. 
At both stages of  wheat growth (Booting and Rip-
ening), roots and crown from 10 plants/ pot were 
washed and severity of  crown and root rot was as-
sessed and calculated according to Mckinney (1923)
(21).The trail was done as factorial in a Randomized 
Complete block Design (RCBD) with four replica-
tions.
Data analysis
Data were analyzed using Statistical Analysis Sys-
tem (version 8.2; SAS, 2003). Data were subjected to 
analysis of  variance (ANOVA) and pooled together 
after testing the homogeneity of  variance (P ≤ 0.05). 
Means of  the treatments were compared by Duncan 
Multiple Range Test at 5% level (24).
                 No. of  germinated grains
% Germination = ------------------------------------- × 100
              Total No. of  grains 
                         
% Incidence = ------------------------------------------- × 100
              Total No. of  examined seedling 
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Test tube method
In-vitro results of  pathogenicity test of  Fusarium 
graminearum, F. oxysporum, F. solani, F. avenaceum, 
F. nivaleand F. udum on Simeto cultivar showed the 
distinctive symptoms of  brown to dark brown even 
black decaying and rotting of  seeds, roots, crown 
area and lower stem to above; root growth and  seed-
ling vigor were reduced (Figure 1). Statistical anal-
ysis of  pathogenicity test showed that the highest 
and considerable disease incidence and severity were 
recorded by F. oxysporum (0.56) and with no sig-
nificant difference with F. solani and F. graminearum 
(0.53 and 0.50 respectively); with entirely incidence 
for each that significantly different with fungi (F. av-
enaceum and F. nivale). The lowest pathogenicity was 
shown by F. nivale (0.20 and 44.44%) (Table 1).
Healthy seedling Infected seedling 
Figure 1. Pathogenicity shows of  FCRR disease on wheat seedlings by test tube method.
The tested fungi had substantial effect on seed ger-
mination, F. oxysporum showed the highest germi-
nation failure (44.44%) which significantly differed 
with other species. The germination rate with F. 
graminearum and F. solani were (77.77%) for each. In 
contrast, wheat seeds with inoculum of F. nivale, F. 
udumand F. avenaceum germinated entirely. The most 
affected fungus on seedling height was F. oxysporum 
which was reduced its growth remarkably to 7.6cm. 
No significant difference appeared between F. gram-
inearum, F. solani and F. udum (12.5cm, 11.97cm and 
12.52cm respectively), F. avenaceum and F. nivale were 
in low effect on the wheat seedlings. The virulence 
of  F. oxysporum progressed to root length which 
led to produce seedling with no or very short roots 
(1.66cm) with significant difference with tested fungi 
followed by F. solani and F. graminearum, the lowest 
effect was caused by F. nivale (7.16cm) compared to 
control treatment (18.67cm).
Table 1. Pathogenicity test of  Fuasium species and its effect on seed germination rate, seedling height and 
root length of  wheat.
Fungi Disease severity 
%Disease 
incidence % Germination 
Seedling 
height(cm) 
Root 
length(cm) 
F. graminearum  0.50 a 100  a 77.77 a 12.5 b 5.66 bc 
F. oxysporum  0.56 a 100  a 44.44  b 7.66 c 1.66 d 
F. solani  0.53 a 100  a 77.77  a 11.97 b 3.55 cd 
F. avenaceum  0.26 b 66.66 b 100   a 15.99 a 5.66 bc 
F. nivale  0.20 b 44.44 c 100   a 16.66 a 7.16 b 
F. udum  0.21 b 88.88 a 88.88  a 12.52 b 6.44 b 
Un inoculated (control) 0  c 0  d 100  a 16.83 a 18.67a 
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greenhouse. 
Results of  pathogenicity test in greenhouse revealed 
that all tested species of  Fusarium caused worthwhile 
infection of  wheat seedlings with diagnostic symp-
toms of  stunting seedlings, seedling blight, rotting 
of  roots and crown. The most virulent was F. oxyspo-
rum (0.78) with no significant effect of  F. solani and 
F. graminearum. The low disease severity was (0.16) 
caused by F. udum (Table 2). Root length of  wheat 
seedling was reduced and the most affected fungus 
was F. oxysporum (0.83cm) that was significantly var-
ied from all other tested species. Seedling height was 
also reduced with significant difference from control 
treatment except F. udum.
Table 2. Pathogenicity test of  isolated fungi and there effect on seedling height and root length under green-
house conditions.
Fungi  
Disease 
severity  
Seedling 
height(cm)  
Root 
length(cm)  
F.  graminearum  0.66 ab 20.5 b 4.83 ab 
F.  oxysporum  0.78 a 20.66 b 0.83 c 
F.  solani  0.70  ab 24  b 3.66 b 
F.  avenaceum  0.54 bc 21.16 b 3.91 b 
F.  nivale  0.45 c 24.83 b 4.91 ab 
F.  udum  0.16 d 25.91 ab 5 ab 
Control  0 d 31.66 a 6.5 a 
Pathogenicity trial of  potted wheat plant in the 
field
Pathogenicity trial under field condition showed the 
diagnostic symptoms of  Fusarium Crown and Root 
Rot include dark brown to black lesion on root, sub 
crown internode and stem bases forming large area 
of  dead tissue in crown (Figure 1).  
Figure 2. Symptoms of  FCRR disease on wheat resulted from pathogenicity test in the field showing extend 
in browning and rotting of  root, crown and stem (1: Healthy plant, 2: Infected plant).
6Field experiment demonstrated that disease severity 
in ripening stagewas more  obvious than in  booting 
stage on both cultivars (Simeto and Sham 6) (Ta-
ble 3). The most virulent fungus was F. graminearum 
(0.42) that was significantly different from others. 
There was no significant difference between F. oxys-
porum and F. solani. Whereas the effect of  fungi on 
tested cultivar showed that in both stages of  wheat 
growth durum wheat (Simeto) cultivar was more af-
fected by fungi than soft (Sham6) cultivar. 
Table 3. Pathogenicity trial of  potted wheat plants in the field.
Cultivars  Fungi   Ripening stage  Effect of cultivars  
Simeto  
F.  graminearum  0.28 cd  0.49 a  0.38 a  
F.  oxysporum  0.23 de  0.41 ab  0.32 b  
F.  solani  0.18 e  0.37 b  0.27 b -d 
Healthy plant  0 f 0 f 0 e 
Cham6
 
F.  graminearum  0.20 de  0.36 bc  0.28  bc 
F.  oxysporum  0.16 e  0.28 cd  0.22 cd  
F.  solani  0.15 e  0.28 cd  0.22  cd  
Healthy plant  0 f 0 f 0 e 
Effect of 
stages            
F.  graminearum  0.24 c  0.42 a   
*********F.  oxysporum  
0.19 cd  0.34 b  
F.  solani  0.16 d  0.32 b  
Healthy plant  0 e 0 e 
Booting stage
DISCUSSION 
Results of  test tube method revealed that wheat seed 
germination was consistent with the results of  oth-
er workers who demonstrated that infected wheat 
seeds with Fusarium spp. is often associated with re-
duced germination, seedling vigor (25, 26) and emer-
gence (27).The highest disease incidence reflected the 
lowest germination rate, and the least disease inci-
dence gave the highest germination rate (28).When 
seeds germinate and root tips elongate, nutrients 
exudate, stimulating the fungal spores to germinate 
and growth of  infection hyphae to penetrate plant 
tissues. Before or soon after emergence affected 
seedlings may die even if  they are weakly affected 
(29, 30). Results of  pathogenicity test was in line with 
Brennan et al. (2003)(31) who proved that generally F. 
graminearum was more pathogenic than F. avenaceum 
and F. nivale, and with result of  pathogenicity test of  
F. solani done by Matnyet al. (32).Also similar results 
reported by Wang (33) who showed that successful in-
vasion of  wheat roots by F. graminearum produced 
adverse effect on the root and seedling growth, after 
14 days of  inoculation half  of  tested wheat plants 
were wilted.
Under greenhouse condition, the results were in line 
with Kane et al. (34) who recorded that F. graminearum 
was more aggressive in causing pre and post emer-
gence seedling mortality than F. avenaceum, while 
both fungi reduced number of  tillers and grain yield. 
Also Fernandez and Chen (2005)(35) showed that F. 
graminearum was more pathogenic as crown rot to F. 
avenaceum in greenhouse conditions. Gargouri-Kam-
mounet al. (12) reported that F. graminearum produced 
highest disease severity, while F. avenaceum and F. ni-
vale were weak pathogenic species under controlled 
conditions.  
In contrast to our results, Jenkinson and Parry (36) 
and Arseniuket al. (37) recorded that F. avenaceum was 
as, or more, pathogenic than F. culmorum and F. gram-
inearum to wheat seedlings, while Specht and Rush (38) 
reported that F. avenaceum produced no mortality to 
winter wheat. 
Through a pathogenicity test on wheat roots, Ha-
jieghrari (39) revealed that F. graminearum, F. udumand 
F. solani are involved in destruction of  wheat root 
tissues. Gordon et al. (40) demonstrated that F. oxyspo-
rum and F. solani are wheat root colonizers during a 
7pathogenicity test performed in the greenhouse.  
Under Field conditions, result was in agreement with 
the result of  Chekali et al. (41) who revealed that soft 
wheat and durum wheat cultivars grown in Tunis 
seem to be susceptible to disease but soft wheat cul-
tivars had a partial resistance. Our result was corre-
sponding to the result of  other workers who showed 
that damage of  disease severity of  crown rot is highly 
affected by plant stress as reach to the maturity stage, 
because maturation of  wheat occurs in midsummer 
when temperature is high and water available in the 
soil is limited (42, 43). Also Covarelli et al. (44) recorded 
that after inoculation of  Fusarium spp. to the base of  
wheat seedlings, symptoms of  disease appeared at 
the stem base and reached to upper nods when plant 
reached to maturity. Paulitzet al. (1) revealed that after 
dry climate during anthesis and ripening severity of  
crown rot is increased. Infection the crown and root 
might then be a source of  inoculum for infection 
of  heads the following seasons or might constitute 
a significant fungal survival mechanism under dry 
conditions. 
CONCLUSION
We conclude that Fusarium graminearum, F. oxysporum 
and F. solani, the causes of  crown and root rot of  
wheat, were highly virulent and more pathogenic 
than remaining tested species under three conditions 
(Laboratory, Greenhouse and Field condition). Ad-
ditionally, our results indicated that Test tube meth-
od in laboratory is simple, rapid and reliable method 
for pathogenicity studies of  Fusarium species.
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